Teeth are fundamental to maintaining good quality of life, but are often lost prematurely in individuals with intellectual disability. Furthermore, since bone mass decreases in menopausal women, women with intellectual disability have an augmented risk of losing their teeth. However, the relationship between periodontal disease-related tooth loss and bone mass has never been studied specifically in patients with intellectual disability. This study evaluated this relationship in a retrospective cohort study.
INTRODUCTION
Teeth are fundamental to quality of life (QoL) throughout human life [1] [2] [3] [4] . For elderly people and individuals with a disability, consumption of favorite foods is a major source of pleasure, since their disability tends to limit other enjoyments. However, individuals with disabilities have trouble with self-management and often find dental treatment intolerable, so maintenance of their oral health is more difficult than in non-disabled individuals. To compound the problem of premature tooth loss, these patients often have difficulty accepting dentures and other devices aimed at restoring a functional occlusion, so preventing tooth loss is becoming increasingly important in maintaining their QoL [5] . The number of teeth remaining has been correlated with chewing ability, nutritional intake, and general health status [6] [7] [8] .
*Address correspondence to this author at the Department of Dental Anaesthesiology and Special Care Dentistry, Okayama University, Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, 2-5-1 Shikatacho, Kita-ku, Okayama 700-8525, Japan; Tel/fax: +81-86-235-6721; E-mail: miyawaki@md.okayama-u.ac.jp However, the number of surviving teeth is considerably lower in people with intellectual disability (ID) than in those without ID [9] . Furthermore, individuals with Down syndrome (a representative chromosomal abnormality with associated ID) have an increased risk of periodontitis and reduced oral function [10] . Thus, individuals with ID have an increased risk of premature tooth loss and an associated reduction in their QoL. Individuals with osteoporosis also experience an increased risk of losing teeth [11, 12] . The progression of osteoporosis to the point of vertebral or femoral fracture can be devastating to QoL. Menopause, shortage of exercise, and malnutrition are key risk factors in developing osteoporosis [13] . Notably, individuals with severe ID generally take less exercise than normal, and are frequently malnourished owing to difficulty feeding (e.g. dysphagia). People with ID thus have a higher risk of osteoporosis [14] [15] [16] [17] . Furthermore, young adults with Down syndrome have reduced bone mass [18] . Finally, the prevalence of epilepsy was significantly higher in autistic subjects with ID than in those without ID [19] , and antiepileptic medicine is reportedly related to a decrease in bone mass [20] . Thus, patients with ID have mul-tiple factors that can predispose them to tooth loss. However, the relationship between bone mass and periodontal diseaserelated tooth loss specifically in patients with ID has not yet been studied. Therefore, we aimed to address this issue in this retrospective cohort study.
MATERIALS AND METHODOLOGY

Study Design/Participants
The investigators designed and implemented a retrospective cohort study. Participants were female dental patients, aged between 20 and 50 years, who were treated in the Special Needs Dentistry unit of Okayama University Hospital from January 2009 to March 2010. All participants had some congenital ID, and many also had autism, cerebral palsy, and/or other disabilities. Patients that could not tolerate measurements of bone mass level were not enrolled.
This study was approved by the Ethics Committee of the Graduate School of Medicine, Dentistry and Pharmaceutical Sciences at Okayama University (approval no. 579).
Variables
A logistic regression analysis was used to analyze the factors that affect periodontal disease, with odds ratios used to compare the degree of influence of each factor. The outcome variable of the logistic regression analysis was the number of periodontal disease-related tooth loss in the time between the initial examination and the bone mass measurement. "Periodontal disease-related teeth loss" was applicable when tooth mobility was classified as Grade III or above, or when the degree of alveolar bone resorption was more than half of the total root length (severe periodontitis).
A further 12 'explanatory variables' were also incorporated, including age (nominal variable: 35 years and older or less than 34 years), body mass index (BMI) (nominal variable: 25 and above or below 25), bone mass (nominal variable: normal or low), the number of missing teeth at the time of initial examination (continuous variable), number of years elapsed from initial examination (continuous variable), use of antiepileptic drugs (nominal variable: yes or no), smoking history (nominal variable: yes or no), diabetes mellitus (nominal variable: yes or no), living environment (nominal variable: own house or institution), periodic dental consultation (nominal variable: yes or no), tooth brushing (nominal variable: assisted or unassisted), and percentage bleeding on probing (BOP) (continuous variable). BOP was shown as percentage of number of bleeding points in that of all probing points in each participant. The third molars were not included in the aggregation and analysis of teeth in this study.
A unary logistic regression analysis was conducted for each variable. Next, we built a logistic model based on a variable increment method from the results of the unary logistic regression analysis based on the fidelity of the analysis model (AIC, likelihood ratio test), and performed a multinomial logistic regression analysis. We calculated the odds ratio and 95% confidence interval from the multinomial logistic analysis and from these identified any significant differences. Microsoft Excel 2007 (Microsoft Japan, Tokyo, Japan) was used for data collection and Excel Statistic 2010 (SSRI, Tokyo, Japan) and STAT-VIEW 5.0 (SAS Institute Japan, Tokyo, Japan) were used for statistical analysis. A significance level of 5% was set for all tests.
Bone Mass Measurement
A Benus α ® ultrasound device (Nihon Kohden Co., Tokyo, Japan) was used to measure calcaneal bone mass. The trabecular bone area ratio was adopted as a parameter for bone mass. After cleaning the side of the heel and applying sufficient gel to facilitate measurement without interfering with the passage of the ultrasound waves, measurements were conducted with the subject's heel secured and with the device in a fixed position. Measurements were conducted at an appropriate temperature (27.5-28.5°C). Patients were required to remain still for approximately 20 s, therefore subjects whose ID precluded them from understanding the purpose of the study were unable to participate. To minimize body movement in these subjects, we employed behavioral adjustments including modeling methods and systemic desensitization; resistance to measurement was reduced as much as possible. Measurements were conducted twice and mean values of bone mass and the trabecular bone area ratio were recorded for each subject.
RESULTS
The 27 subjects (mean age ± SD: 35.1 ± 8.9 years) had a cumulative total of 704 teeth at the time of initial examination, and 20 (2.8%) were lost as periodontal disease-related tooth loss by the time bone mass measurements were taken. Probing depths of the 20 teeth lost to periodontal disease were more than 5 mm, and mobility of teeth lost to periodontal disease was classified as Grade III in 11 teeth, Grade II in 8 teeth and Grade I in 1 tooth, whose pocket depth was 8 mm.
Of the 12 explanatory variables, smoking history, diabetes mellitus, and periodic dental consultation were removed since all participants were categorized as 'no' for both smoking history and diabetes mellitus and 'yes' for periodic dental consultation. The remaining nine items were used as predictor variables.
Results of the unary logistic regression analysis were shown in Table 1 . The number of missing teeth at the time of initial examination was 52. According to the measurement of bone mass, participants were divided into a normal bone mass group and a low bone mass group, consisted of 16 individuals with total 418 teeth and 11 individuals with total 286 teeth, respectively. Anti-epileptic drugs were used in 8 subjects with 208 teeth, and not used in 9 subjects with 496 teeth. BMI was more than 25 in 10 subjects with 266 teeth, and was less than 25 in 17 subject with 438 teeth. Sixteen subjects were no less than 35 years old, and their total number of teeth was 410, while 11 subjects were less than 35 years old, and their total number of teeth was 294. Number of years elapsed was 10.1 ± 7.9 (mean ± SD). Nineteen subjects live in institutes, and their total number of teeth was 158, while 10 subjects lives at their home, and their total number of teeth was 544. Tooth brushing was assisted in 22 subjects and their total number of teeth was 583, while only 5 subjects brush their teeth by themselves, and their number of teeth was 119. BOP % was 50.7 ± 39.2 (mean ± SD).
Unary logistic regression analysis indicated that a significant correlation was seen between periodontitis-related tooth extraction and 1) missing teeth at the time of initial examination, 2) bone mass, 3) regular use of antiepileptic drugs, 4) BMI, 5) living arrangements, and 6) BOP % ( Table 1) . The model that was most effective in the likelihood ratio test was a four-variable model of 1) number of missing teeth, 2) bone mass, 3) living arrangements, and 4) % BOP. A multinomial logistic regression analysis was performed for these four items. Models with five or more variables were all deemed invalid based on the likelihood ratio tests.
Results of the multinomial logistic regression analysis indicated that the number of missing teeth at the time of initial examination, bone mass, and patient's living arrangements each had a significant odds ratio with regard to periodontal disease-related tooth loss ( Table 2) . Numerous missing teeth at the time of initial examination, low bone mass, and institutionalization all had notably high odds ratios (1.54, 10.72, and 5.34, respectively).
DISCUSSION
Low bone mass was identified as an independent predictor of periodontal disease-related tooth loss in this study of women with ID. In accordance with a previous report [16] , our preliminary measurements confirmed that patients with ID have lower bone mass than those with no ID (data not shown). Thus, osteoporosis is considered a greater problem for individuals with ID than for those without. This finding should be incorporated in planning for treatment of periodontal disease in patients with ID, as prevention of periodontal disease by limiting osteoporosis-related bone loss would have significant benefits with regard to retaining oral function and maintaining QoL. The number of missing teeth at the time of initial examination was found to be a significant predictor of periodontal disease-related tooth loss. Patients with ID can often not tolerate dentures, meaning that their occlusal function depends entirely on their remaining teeth. The increased demand on this diminishing number of teeth often hastens the demise of these teeth and results in progression of the underlying periodontal disease. Institutionalization of patients with ID was also shown to dramatically affect the loss of teeth due to periodontal disease. Although the most basic treatment and preventative activity against periodontal disease is tooth brushing [21] , most patients at our clinic require assistance in this regard because of their ID. This assistance is less readily available in an institution, where caregivers have responsibility for multiple patients; patients with ID fare better when living at home where they are more likely to receive undivided attention. This inadequacy of tooth brushing in the institutional environment likely underpins the progression of periodontal disease in these patients and thus their increased susceptibility to tooth loss.
The main outcome measured in this study was the number of teeth lost to periodontal disease. Although bacterial infection is the predominant direct cause of periodontal disease, various other factors have been purported as high-risk variables, including age, smoking history, diabetes mellitus, BOP, genetic factors, daily medication regimen, family environment, clinician experience, and number of missing teeth [22, 23] . Genetic factors could not be assessed here because of difficulty in checking the genetic background of patients and their parents in this study. We selected a further 12 explanatory variables (age, BMI, bone mass, number of missing teeth at time of initial examination, years elapsed since initial examination, use of antiepileptic drugs, smoking history, diabetes mellitus, living arrangements, periodic dental consultation, tooth brushing, and BOP %), of which three (smoking history, diabetes mellitus, and periodic dental consultation) were not analyzed because no variation was observed in these items. The 27 participants in this study had a cumulative total of 704 teeth; a prospective study design and larger sample size would be recommended for any further cohort study.
CONCLUSION
We conclude that the number of missing teeth at the time of initial examination, bone mass, and living arrangements are all significant independent risk factors in periodontal disease related tooth loss in intellectually disabled female subjects. This is the first article to reveal a relationship between bone mass and periodontal disease specifically in patients with ID. It is well known that these patients have increased susceptibility to dental disease and, owing to medical advances, are now living longer than previously expected [24] . Dentists should thus pay careful attention to managing the oral condition of menopausal women with ID, especially those with low bone mass, because they are suggested to represent a particularly high-risk group that are extremely vulnerable to tooth loss, which will have a consequent negative impact on their QOL.
